Introduction
Since antihypertensive therapy has the objective of preventing cardiovascular complications, the organ protective effect of antihypertensive drugs is very important. It has been shown by many clinical studies that angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) are effective for protecting against hypertension-related organ damages (1) . Angiotensin II not only causes target organ damage indirectly due to its hypertensive action, but also directly promotes myocardial and vascular hypertrophy as well as renal dysfunction (2) . Therefore, it is reasonable to presume that ACE inhibitors and ARBs will protect target organs without the benefit of an antihypertensive action.
Telmisartan is an ARB that exhibits a strong and sustained antihypertensive effect (3) over 24 h and is secreted into the bile. There are scattered reports indicating that telmisartan has an organ protective effect, but there have been few studies directly comparing telmisartan and calcium antagonists, since most clinical studies on telmisartan have been conducted in treated patients or patients on combination therapy. There-fore, the present study was conducted to compare the renal and vascular protecting effects of telmisartan monotherapy and calcium antagonist monotherapy in untreated hypertensive patients.
Methods

Study Subjects
The subjects were selected from among patients with untreated essential hypertension who visited our center between April 2003 and March 2004, excluding patients who had suffered from ischemic heart disease, acute coronary syndrome, congestive heart failure (New York Heart Association class II or greater) or stroke within 6 months of study initiation, had impaired renal function (serum creatinine ≥ 1.5 mg/ dl), or were pregnant. The subjects were randomly assigned to the amlodipine group or telmisartan group, and the drugs were respectively administered to the 2 groups at doses of 5 and 40 mg, once daily in the morning for 24 weeks.
Blood Pressure/Heart Rate
Blood pressure (BP) and heart rate (HR) were measured at baseline, and at 8 weeks, 16 weeks, and 24 weeks of treatment. Parameters to assess the protective effect of the drugs were measured at baseline and after 24 weeks of treatment. Outpatient BP measurements were obtained twice in the sitting position after 2 to 3 min of rest at 2 to 5 h after administration of the test drug, and the mean of 2 values was determined.
Renal Function
Creatinine clearance (CCr), urinary protein excretion, and urinary albumin excretion were determined using 24-h urine samples as parameters of the renal protective effect of the study drugs.
Vasodilation
Endothelium-dependent and -independent dilation were assessed as parameters of vasodilation according to the guidelines for the ultrasound assessment of endothelial-dependent flow-mediated vasodilation of the brachial artery (4). Using high-resolution ultrasound (Logiq 500; GE Yokogawa Medical Systems, Tokyo, Japan) with a 7.5-MHz linear array transducer, diameter measurements of the brachial artery were taken after supine rest for at least 5 min, after cuff deflation completing suprasystolic compression (30 mmHg above systolic pressure) of the upper arm for 2 min and after sublingual application of 0.3 mg nitroglycerin. A stereotactical arm was used for optimal transducer positioning on the brachial artery proximal to the bifurcation of the radial and ulnar arteries. The longitudinal image of the artery was recorded at baseline, continuously from 30 s before to 2 min after cuff deflation, and for 5 min after nitroglycerin administration. The diameter of the artery was measured from one media-adventitia interface to the other. Vasodilation was then evaluated from the change of artery diameter after release of occlusion (%FMD) and the change of artery diameter after administration of nitroglycerin (%NTG), respectively.
Arteriosclerosis
The brachial-ankle pulse wave velocity (baPWV) was measured bilaterally using a volume-plethysmographic apparatus PWV/ABI device (Colin Medical Technology Company, Komaki, Japan) in accordance with a methodology described elsewhere (5) , and the mean value was calculated as a parameter of arteriosclerosis. Values are expressed as the mean±SEM. A, amlodipine; T, telmisartan; FMD, flow-mediated dilatation; NTG, nitroglycerin; baPWV, brachial-ankle pulse wave velocity.
Statistics
Data were analyzed by the paired or unpaired Student's t-test to detect significant differences between before and after treatment or between the groups. Values are shown as the means±SEM, and differences were considered statistically significant at p< 0.05. This study was approved by the Ethical Committee of Ohmihachiman City Hospital. Before enrollment, the subjects were given complete information about the study and their consent was obtained.
Results
The subjects comprised 43 patients (18 men and 25 women), of whom 22 were assigned to the amlodipine group and 21 to the telmisartan group. There were no differences of baseline characteristics, such as sex, age, or biochemical parameters, between the 2 groups (Table 1) . No subjects changed their smoking status during the study period. Body mass index (23.9±0.7 and 24.7±0.8 kg/m 2 in the amlodipine and telmisartan group, respectively), fasting glucose (110±6 and 112±6 mg/dl), and hemoglobin A1c (5.3±0.2 and 5.4±0.3%) were not significantly changed by the treatment for 24 weeks.
BP/HR
There was no difference in the baseline BP between the 2 groups ( Table 2) . After the start of treatment, BP showed a similar gradual and significant decrease with time in both groups (Fig. 1) . After 24 weeks of treatment, BP was 137±4/ 79±2 mmHg in the amlodipine group and 136±4/81±3 mmHg in the telmisartan group, and there was no difference in the extent of change between the 2 groups (Fig. 2a) . There was no difference in the baseline HR between the 2 groups (Table 2) , HR was not significantly changed in either group, and there was no difference in the change of HR between the 2 groups (Fig. 2b) .
Renal Function
There were no differences of the baseline CCr, urinary protein excretion, or urinary albumin excretion between the 2 groups ( Table 2 ). Neither CCr (105.1±4.0 ml/min in the amlodipine group and 111.1±4.2 ml/min in the telmisartan group after treatment) nor urinary protein excretion (172.4±14.5 mg/day in the amlodipine group and 141.7±16.6 mg/day in the telmisartan group) significantly changed in either group, and the changes were not significantly different between groups (Fig.  3) . Although urinary albumin excretion also showed no significant change in the amlodipine group, it was significantly decreased in the telmisartan group (43.5±5.0 mg/day in the amlodipine group and 20.1±4.6 mg/day in the telmisartan group after treatment) (Fig. 4a) . Urinary albumin excretion showed a significantly greater decline in the telmisartan group than in the amlodipine group (Fig. 4b) .
Vasodilation
There were no differences in baseline %FMD or %NTG between the 2 groups ( Table 2) . %FMD showed no significant change after treatment with amlodipine (3.1±0.9% after treatment), but treatment with telmisartan caused a significant increase (5.7±1.0% after treatment, p< 0.05) (Fig. 5a ). The telmisartan group showed a significantly greater increase of %FMD than the amlodipine group (Fig. 5b) . On the other hand, %NTG showed no significant changes in either group (post-treatment %NTG was 9.7±1.4% in the amlodipine group and 12.3±1.7% in the telmisartan group). There was no difference in the extent of change between the 2 groups. 
Arteriosclerosis
There was no difference in baseline baPWV between the 2 groups ( Table 2) . Although baPWV showed a significant decrease after treatment in both groups (1,540±61 cm/s in the amlodipine group and 1,432±62 cm/s in the telmisartan group) (Fig. 6a) , the change was significantly greater in the telmisartan group compared with the amlodipine group (Fig.  6b ).
Discussion
Since antihypertensive therapy has the objective of preventing the development of cardiovascular complications, the organ protective effect of antihypertensive agents is very important. This study was undertaken to compare the antihypertensive effects and renal and vascular protective effects of the ARB telmisartan and the calcium antagonist amlodipine, which both exhibit a long-acting profile (3, 6) . In this study, the test drugs were administered as monotherapy to 2 groups of patients with untreated essential hypertension, unlike in many other large-scale studies that have been conducted in treated patients or patients on combination therapy. Therefore, the present study may be considered to allow direct comparison of the renal and vascular protective effect between this ARB and calcium antagonist. In this study, amlodipine and telmisartan exhibited a similar antihypertensive effect. These findings are in agreement with another report (6) that compared amlodipine and telmisartan by ambulatory BP monitoring. Despite both drugs having a similar antihypertensive effect, there was a clearly different renal and vascular protective effect.
Urinary albumin excretion (measured as a parameter of the renoprotective effect) was clearly decreased in the telmisartan group, while the amlodipine group showed no change. Like the present study, many previous studies have also indicated that ARBs exhibit a renoprotective effect. The RENAAL study showed that the ARB losartan could prevent diabetic nephropathy from progressing to renal failure and decrease the initiation of dialysis (7). The JLIGHT study revealed that losartan causes a significantly greater decrease of urinary protein excretion than amlodipine (8) . The decrease of urinary protein excretion observed after treatment with telmisartan may also be considered as evidence of the renoprotective effect of ARBs. Our study was small, being conducted in 2 groups of about 20 subjects each, but the difference between the telmisartan and amlodipine groups obtained statistical significance. The reason why amlodipine did not show a decrease, or rather, showed a slight insignificant increase, in urinary albumin excretion remains unclear. However, this finding may have been due to the inadequate BP reduction in this study; that is, the BP was 136/81 mmHg 24 weeks after monotherapy with amlodipine. In contrast, telmisartan achieved a significant reduction of urinary albumin excretion, although this monotherapy also failed to achieve an adequate BP reduction (the BP by telmisartan was 137/79 mmHg 24 weeks after treatment). These results suggest that telmisartan has a powerful renoprotective effect. The lowering of urinary albumin levels seems to slow the rate of aggravation of renal dysfunction. These findings also suggest that ARBs such as telmisartan are more suitable than calcium antagonists as antihypertensive therapy for patients with nephropathy.
Neither drugs changed %NTG, a parameter of vascular endothelium-independent dilation. On the other hand, telmisartan clearly improved %FMD, a parameter of vascular endothelium-dependent dilation, while amlodipine showed no effect on %FMD. The vascular endothelium releases various vasoactive substances that exhibit a vasoprotective effect (9, 10) . Considering that endothelial damage is known to acti- vate smooth muscle cells and cause intimal hypertrophy leading to arteriosclerosis (11) , the effect of telmisartan on the intima is very important. Several lines of evidence indicate that ACE inhibitors and ARBs improve vascular endothelial dysfunction (12) (13) (14) (15) , while calcium channel blockers do not change it (13) (14) (15) . These reports are in agreement with our finding that telmisartan was more effective than amlodipine for improvement of vascular endothelial dysfunction.
Furthermore, telmisartan improved baPWV more markedly than amlodipine. It has already been reported that telmisartan decreases PWV (16) . Our present study provides new evidence that telmisartan is more effective at preventing arteriosclerosis than calcium antagonists.
In the present study, the ARB telmisartan did not differ from the calcium antagonist amlodipine with regard to antihypertensive effect, but it improved both renal and vascular function to a significantly greater extent. In general, it is possible that changes of smoking status, body mass index, and blood sugar levels may affect renal function, vascular endothelial function, and arteriosclerosis. However, this was not the case in the present study, since the smoking status, body mass index, fasting glucose, and hemoglobin A1c were unchanged during the study period. Whether the present results are due to class effects of ARB or specific to telmisartan also remains to be determined. Renal and vascular protective effects of other ARBs have been reported, although our study was the first to focus on both organ protective effects (7, 8, 12, (15) (16) (17) . Accordingly, we suspect that the renal and vascular protective effects of telmisartan observed in this study are common to all ARBs. However, further studies will be needed to confirm this.
In conclusion, the present study indicated that telmisartan is more effective at protecting renal function and vascular endothelial function, and at improving arteriosclerosis than the calcium channel blocker amlodipine in patients with essential hypertension. Further studies are required to determine the underlying mechanism by which this agent achieves its beneficial effects. 
